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[57] ABSTRACT 
An apparatus for transmitting data from a ?rst device to 
a second device is provided. The invention is suitable 
for use in a system having ?rst and second communica 
tions media. The apparatus includes a network interface 
coupled to the ?rst medium for receiving and examining 
data from the ?rst device. A clustering facility is pro 
vided for coupling the ?rst device directly to the net 
work interface and for selectively coupling the second 
device to the network interface. The network interface 
identi?es the second device as being coupled to either 
the clustering facility or the second medium. The appa 
ratus transmits the data from the network interface to 
the second device by way of the clustering facility, if 
the network interface identi?es the second device as 
being coupled to the clustering facility. The apparatus 
routes the data from the network interface to the second 
device by way of the second medium if the network 
interface identi?es the second device as being coupled 
to the second medium. In the exemplary embodiment, 
both media follow the Consumer Electronics Bus 
(CEBus) standard. For example, the ?rst medium may 
be a wired coaxial cable medium, and the ?rst device 
may be a video cassette recorder. The second medium 
may be a wireless infrared medium, and the second 
device may be a remote control unit. 

20 Claims, 15 Drawing Sheets 
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COMBINATION BROUTER AND CLUSTER 
CONTROLLER 

FIELD OF THE INVENTION 

The present invention relates to the ?eld of communi 
cations equipment, and in particular to networking de 
vices suitable for transferring packets between two 
different media. 

BACKGROUND OF THE INVENTION 

A brouter is a networking device that includes the 
functions of a bridge (transfer of individual network 
protocol data units between two parts of a network) 
plus some functions of a router (e.g., forwarding or 
blocking packets between two media). 
A brouter is often used in a local area network (LAN) 

to transfer a packet between two different media, partic 
ularly where one of the media types is wireless (i.e., 
Infrared or radio frequency). For example, a brouter 
may be used to transfer a packet from a wireless me 
dium, such as an infrared (IR) remote control, to a 
wired medium, such as coaxial cable, or vice-versa. 
Brouters are used for connecting wired and wireless 
media because of considerations that are unique to wire 
less media (e.g., a single source transmission may result 
in multiple receptions at multiple entry points into the 
network). The brouter includes suitable physical layer 
and link layer communications functions that are unique 
to each respective medium over which the data are 
transferred. 

In a typical conventional LAN con?guration, as 
shown in FIG. 16, a brouter 600 and a group of devices 
604-609 are each connected to a wired LAN medium 
620. Each of the devices 604-609 has a respective trans 
ceiver 6020-6021" for interfacing to the LAN‘ medium 
620. The brouter 600 connects to the LAN medium 620 
and to a second medium 630, such as IR or RF. A wire 
less device 640 transmits packets to brouter 600. Incom 
ing packets from the IR or RF medium 630 are received 
by the brouter and are transferred to a destination de 
vice 604-609 by way of the wired LAN medium 620. 
This con?guration uses a plurality of network interfaces 
(e.g., transceivers) 602a-602f This con?guration also 
results in network traffic loading each time a packet is 
transferred between the wireless medium 630 and the 
wired medium 620. 
As an example, a relatively new use for brouters is in 

the “smart home”. In recent years, an increasing num 
ber of automated appliances and devices have been 
developed for home use. These include, but are not 

- limited to, entertainment systems, washers, dryers, secu 
rity and temperature control systems for air and hot 
water. The potential exists to provide communications 
among these appliances and devices. 
The CEBus standard is a home automation standard 

intended to provide economical Local Area Network 
(LAN) communications among all of the automated 
devices within the home. CEBus supports remote con 
trol, status monitoring and clock synchronization. 
CEBus is defined in Electronics Industries Association 
EIA/IS-60, “Home Automation Standard (CEBus)”, 
December, 1989. The CEBus protocol is also described 
in “Delay Performances of Standard and Modi?ed 
CEBus Schemes”, by A. Hussain et al. in IEEE transac 
tions on Consumer Electronics, Vol. 38 Number 2, 
May, 1992, at pp. 77-79, and “Investigation of the Per 
formance of a Controlled Router for the CEBus”, by J. 
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2 
Yang et al., IEEE transactions on Consumer Electron 
ics, Vol. 38 Number 4, November 1992, at pp. 831-832. 
The teachings of these two articles are hereby incorpo 
rated by reference for their teachings on CEBus. The 
CEBus Protocol is designed to provide communications 
between any devices on any of the physical media that 
support CEBus. These include power line, twisted pair, 
coaxial cable, Infrared (IR), radio frequency (RF) and 
Fiber Optic. ' 

The CEBus standard employs a carrier sense multiple 
access protocol with contention detection and conten 
tion resolution (CSMA/CDCR). CEBus is based on the 
International Standards Organization’s Open System 
Interconnect (ISO/OSI) seven layer model for commu 
nications. CEBus uses only four of the seven layers: the 
physical, datalink, network and applications layers. The 
physical layer supports a superior (driven) state and an 
inferior (not driven) state. Symbols are represented by 
pulse width encoding, so that the length of time be 
tween a transition of the carrier signal (e.g., high to low 
or low to high) de?nes the symbol. A 100 microsecond 
duration between transitions (the Unit Symbol Time or 
UST) represents a one; two UST’s represents a zero; 
three UST’s represents an end of ?le (EOF); and four 
UST’s represent an end of packet (EOP). Another dis 
tinguishing feature of CEBus is the structure of the data 
link frame header, which includes a preamble, a control 
?eld, a destination address, a destination house code, a 
source address, a source house code, an information 
?eld and a frame check sum. 
CEBus networks are typically implemented in dy 

namically recon?gurable tree (hierarchical) structures, 
so that there is a unique path between each pair of de 
vices. As a result of this hierarchical topology, the net 
working device that transmits a packet need only deter 
mine whether to forward a packet to the next medium. 
The networking device need not perform the full suite 
of networking services (e.g., choosing one of several 
available paths between source and destination) that are 
required in mesh type networks. Furthermore, dupli 
cate copies of packets are not created (with the excep 
tion of some systems using wireless media), so that the 
networking device need not sort out and discard dupli 
cate packets. Because of the simpli?ed routing in 
CEBus networks, the networking device of choice is 
often a brouter. 
A typical application of CEBus is the transmission of 

a control signal from a digital IR remote control device 
to an audio visual component that is connected to a 
wired LAN medium (e.g., coaxial cable). A brouter 
may be connected to the LAN to be used as a wireless 
receiver to forward packets in either direction between 
the wireless IR medium and the wired LAN medium. 
Typically any of the devices (the brouter and the audio 
visual devices) connected to the wired LAN can com 
municate with any other device connected to the LAN 
by way of the wired medium. Commands from the IR 
remote control are received by the brouter and routed 
over the wired medium to the device that is being con 
trolled. 
For the con?guration described above, each audio 

visual component has a respective network interface 
(e.g., a transceiver) which allows it to communicate 
over the wired LAN. Thus, in the typical application, 
costs are incurred for several network interfaces. Each 
time a command is transmitted from the remote control 
to an audio visual device, the command is routed over 
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the wired LAN medium. This increases the network 
traffic load and may result in increased packet delay. 
Although CEBus is designed to advance home auto 

mation by an order of magnitude, CEBus has not been 
installed widely in homes. Part of the reason is the inter 
face cost between the devices and the communications 
medium. To make the “smart home” a reality, less ex 
pensive equipment is needed to connect consumer de 
vices to CEBus LANs. Communications among equip 
ment using other media may also be impacted by this 
problem. 
A cluster controller or concentrator is a device that 

provides an interface for a plurality 'of devices (e.g., 
terminals) that are coupled to a processor or network. 
Instead of providing a network interface for each de 
vice, a single network interface is provided for the clus 
ter controller. This simpli?es the hardware for connect 
ing the devices to the network or processor, and in 
creases the ef?ciency of the processor communications; 
the processor need only communicate with a single 
physical device, the cluster controller. An example of a 
cluster controller is an IBM 3174 Establishment Con 
troller. 
Although cluster controllers enhance efficiency, the 

services they provide are limited to communications 
between the devices (e. g., terminals) and the processor 
or network. A cluster controller does not provide com 
munications among the attached devices. For example, 
if two terminals are attached to a cluster controller and 
a message is to be passed between the terminals, the 
message is sent from the sending terminal through the 
cluster controller to the processor, and back from the 
processor through the cluster controller to the receiv 
ing terminal. 

SUMMARY OF THE INVENTION 

The present invention is embodied in apparatus for 
receiving data from a ?rst medium and for transferring 
the data to either a local device or a second medium. 
The apparatus receives data from the ?rst medium. A 

network interface examines the data and identi?es the 
data as being directed to either the local device or the 
second medium. A clustering facility is coupled to the 
network interface for coupling the local device directly 
to the network interface. 

If the network interface identi?es the data as being 
directed to the local device, the apparatus transmits the 
data from the network interface to the local device by 
way of the clustering facility. If the network interface 
identi?es the data as being directed to the second me 
dium, the data are transmitted from the network inter 
face to the second medium. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is a block diagram of a system including an 
exemplary apparatus in accordance with the invention. 
FIG. 2 is a block diagram of an automated home 

system including the brouter cluster controller shown 
in FIG. 1. 
FIG. 3 is a block diagram of the brouter cluster con 

troller shown in FIG. 2. 
FIG. 4 is a block diagram of the wireless and wired 

network interfaces shown in FIG. 3. 
FIG. 5 is a block diagram of the clustering means 

shown in FIG. 3. 
FIG. 6 is a flow chart diagram showing the steps 

executed when a packet is received by the BCC from a 
device attached to a cluster shown in FIG. 1. 
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4 
FIG. 7 is a ?ow chart diagram showing the steps 

executed when a packet is received by the BCC from 
the wireless medium shown in FIG. 1. 
FIG. 8 is a ?ow chart diagram showing the steps 

executed when a packet is received by the BCC from 
the wired medium shown in FIG. 1. 
FIG. 9 is a ?ow chart diagram showing the main 

steps executed by the network interfaces shown in FIG. 
4. 
FIG. 10 is a ?ow chart diagram showing the steps 

executed by the data link layer shown in FIG. 9, while 
receiving a packet. 
FIG. 11 is a flow chart diagram showing initialization 

and resetting of the receive decoding counter in the 
network interface shown in FIG. 4. 
FIG. 12 is a ?ow chart diagram showing decoding of 

data in the network interface shown in FIG. 4. 
FIG. 13 is a ?ow chart diagram showing end of 

packet processing in the network interface shown in 
FIG. 4. 
FIG. 14 is a How chart diagram showing the transmit 

process in the network interface shown in FIG. 4. 
FIG. 15 is a block diagram of a second exemplary 

apparatus in accordance with the invention. 
FIG. 16 is a block diagram of a prior art system. 

DETAILED DESCRIPTION 

OVERVIEW 

FIG. 1 is a block diagram of an exemplary system 
including exemplary brouter cluster controllers 
(BCC’s) 10 and 11 in accordance with the invention. 
The brouter cluster controllers 10 and 11 combine the 
bridging (data link) and routing capabilities of a brouter 
(including the capability to transmit data from a ?rst 
medium to a second medium) with the concentrating 
function of a cluster controller. 
One or more BCC’s may be coupled to a wired net 

work 80; each BCC 10 and 11 supports a cluster of 
devices (devices 50, 52 and 54 coupled to BCC 10, and 
devices 51, 53 and 55 coupled to BCC 11). The BCC’s 
may also communicate with devices by way of a second 
medium. For example, wireless devices 90 and 91 com 
municate with respective BCC’s 10 and 11. Any device 
50-55, 90 or 91 that communicates with any of the 
BCC’s 10 and 11 can transmit a packet to any other 
device 50-55, 90 or 91 that is coupled to any of the 
BCC’s 10 and 11. 
BCC’s 10 and 11 are preferably used in a network that 

includes more than one communications medium. For 
example, as shown in FIG. 1, devices 90 and 91 commu 
nicate with respective BCC’s 10 and 11 by a wireless 
medium 93 (IR, RF or ultrasonic), and devices 50—55 
communicate with the BCC’s 10 and 11 by way of a 
clustering mechanism that includes dedicated private 
links 13a-13f (which may be a variety of con?gurations 
including wired and/or wireless links) coupled to each 
respective device. These private links may be wired or 
wireless links. Each BCC 10 and 11 is also coupled to a 
wired LAN medium 80 and a wireless medium 93. Each 
BCC 10 and 11 serves both as a cluster controller for the 
devices attached to the dedicated private links 13a-13f 
via the BCC, and as a brouter. The brouter function is 
effective for transferring packets between the wireless 
medium 93 and the wired medium 80, between the wire 
less medium 93 and the devices 50-55, and between the 
wired medium 80 and the devices. 
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A BCC 11 may also be used to transfer packets be 
tween two wired media. For example, as shown in 
phantom, a device 57 may be coupled to a second wired 
medium 95. BCC 11 can receive packets from a device 
57 that is coupled by way of a twisted pair line. 

In a typical con?guration, BCC’s 10 and 11 service 
two different areas. For example, BCC’s 10 and 11 may 
be in different rooms, or on different ?oors of a build 
ing. Typical transmissions supported by the BCC’s 10 
and 11 are: from a wireless device 90 to a proximally 
located wired device 50; from a wireless device 90 to a 
remote device 51; from a wired device 50 to a proxi 
mally located wired device 52; from a wired device 50 

. to a remote wireless device 91; and from a wireless 
device 90 to a remote wireless device 91. Essentially, 
any-to-any connectivity is supported on the two media. 
As an example, device 90 may be an IR remote con 

trol having an LCD display (not shown). Device 55 
may be a compact disc (CD) player located remotely 
from BCC 10. A command may be sent from IR remote 
control 90, through BCC l0, LAN 80, and BCC 11 to 
CD player 55. In response to the command, CD player 
55 may send back a status message through BCC 11, 
LAN 80 and BCC 10 to remote control 90. The status 
message may then be displayed on the LCD (not 
shown) of remote control 90. Alternatively, the status 
message may initiate a process in the remote control 
unit 90 that causes the LCD to display a menu or image 
of the CD control panel. Applications of this bidirec 
tional communications capability include, but are not 
limited to displaying the CD control panel on the LCD 
of the remote control unit, or an “on screen display” of 
a command menu on the LCD of the remote control for 
programming the CD player 55. 

In the con?guration shown in FIG. 1, BCC 10 is 
effective to couple wireless device 90 to wired devices 
50, 52 and 54 even if the network 80 is disabled or 
placed in an inactive state. Unlike apparatus in the prior 
art, packets between wireless device 90 and any of the 
wired devices 50, 52 and 54 are transferred directly 
from BCC 10 to the destination device without being 
routed over the network 80. This not only results in 
reduced packet delay, but reduces the volume of traffic 
on network 80, and eliminates the need for separate 
transceivers for each respective device. 

Furthermore, BCC 10 can operate without the net 
work 80, so that BCC 10 and devices 50, 52, 54 and 90 
may be installed and connected to one another before 
network 80 is installed. This modular approach allows 
?exibility in installing and growing the network 80. 
FIGS. 2 and 3 show an application of the invention in 

a home automation system including a plurality of con 
sumer electronic devices (e.g., television 50, laser disc 
player 52, receiver 54, video cassette recorder (VCR) 
#1 56, VCR #2 58, compact disc (CD) player 60 and IR 
remote control unit 90). Referring ?rst to FIG. 2, de 
vices 50~60 are coupled via respective communications 
links 13a—13f to a brouter cluster controller (BCC) 10. 
BCC 10 is in turn connected to a local area network 
(LAN) 80. BCC 10 provides a single bidirectional com 
mand and status communications link 26 between LAN 
80 and the devices 50-60. A wireless device, such as IR 
remote control unit 90 also communicates with BCC 10. 
In the exemplary embodiment, the CEBus communica 
tions protocol (CSMA/CDCR) is used on both the 
wired and wireless media. 

In the following example, a command packet is sent 
from a ?rst device, remote control unit 90, to a second 
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6 
device, VCR #1 56. It is understood by one skilled in 
the art that the terms “?rst device” and “second de 
vice” may each refer to any of the devices 50-60 and 90. 
IR remote control unit 90 may also receive, and the 
VCR 56 may also transmit, data by way of BCC 10. The 
choice of the wireless unit to transmit a packet and the 
wired unit to receive the packet is only an example, and 
is not meant to be limiting in any way. 
BCC 10 transmits data from a ?rst one of the plurality 

of devices (e.g., IR remote control unit 90) to a second 
one of the plurality of devices (e.g., television 50 or 
VCR #1 56), by way of a ?rst (IR) medium and a sec 
ond (wired) communications medium. In the exemplary 
embodiment, devices 50-60 are coupled to BCC 10 via 
the clustering means 28 and the IR remote control 90 
communicates over the IR medium 93. 
As shown in FIG. 3, BCC 10 includes wireless trans 

ceiver 12, a wireless network interface 14, a wired net 
work interface 16 and a wired network transceiver 18. 
Network interface 14 is coupled to the wireless medium 
(LAN 93) by way of transceiver 12 for receiving and 
examining data from the ?rst device (e.g., remote con 
trol unit 90). Clustering means 28 (described below with 
reference to FIG. 5) are provided for coupling the tele 
vision 50 and VCR 56 directly to the network interface 
16. The network interface 16 identi?es the second de 
vice (television 50 or VCR 56) as being coupled to the 
clustering means 28, and forwards the packet. If the 
second device were a remote device coupled to LAN 
80 or another BCC 11 (shown in FIG. 1), then the net 
work interface 16 would recognize the destination as 
being located on the network 80 and the packet would 
be forwarded to the network 80 via transceiver 18. 

In the next example, a status packet is sent from a ?rst 
device, VCR 56, to a second device, remote control unit 
90. The status packet may be a response to the com 
mand packet sent by the IR remote control 90 in the 
?rst example directly above. 
BCC 10 transmits data from a ?rst one of the plurality 

of devices (e.g., VCR #1 56) to a second one of the 
plurality of devices (e.g., television 50 or IR remote 
control unit 90), by way of a ?rst (wired) medium and a 
second (IR) communications medium. In the exemplary 
embodiment, devices 50-60 are coupled to BCC 10 via 
the clustering means 28 and the IR remote control 90 
communicates over the second (IR) medium 93. 
As shown in FIG. 3, network interface 16 is coupled 

to the ?rst device (VCR #1 56) by way of cluster 28 and 
link 17 for receiving and examining data from the ?rst 
device (e.g., VCR #1 56). Clustering means 28 (de 
scribed below with reference to FIG. 5) are provided 
for coupling the VCR #1 56 directly to the network 
interface 16 and for selectively coupling a second de 
vice (e. g., television 50 or remote control unit 90) to the 
network interface 16. The network interface 16 identi 
?es the second device (television 50 or remote control 
unit 90) as being coupled to either one of the clustering 
means 28 or the second medium (wireless medium 93 or 
wired medium 26), respectively. 
The BCC 10 transmits the data from the network 

interface 16 to the second device by way of the cluster 
ing means 28, if the network interface 14 identi?es the 
second device as being coupled to the clustering means 
28. For example, if the second device is television 50, 
then the network interface 16 recognizes that the sec 
ond device is attached to the cluster, and the data are 
not transferred from the clustering means 28 to the 
wireless medium 93. 
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The apparatus routes the data from the network inter 
face 16 to the second device by way of the IR medium 
93 if the network interface 16 identi?es the second de 
vice as being coupled to the second medium 93, as 
shown in FIG. 1. For example, if the second device is 
IR remote control unit 90, then the network interface 16 
recognizes that the second device is on the IR medium 
93, and the packet is transferred from the clustering 
means 28 or the wired medium 80 to the wireless me 
dium 93. 
BCC 10 may also exchange command and status data 

with a data modulator/demodulator 70 (shown in FIG. 
2), by way of a communications link 13g. The data 
modulator/demodulator 70 decodes data that are trans 
mitted by devices 50-60 in response to the commands 
that the devices receive. 

DESCRIPTION OF THE EXEMPLARY 
EMBODIMENTS 

As described above with reference to FIG. 3, the 
BCC 10 includes two network interfaces 14 and 16. 
Referring now to FIG. 4, the network interfaces 14 and 
16 are shown in greater detail. In the exemplary em 
bodiment, the CEBus protocol is followed, and inter 
faces 14 and 16 are CEBus Network Interfaces (CNI’s). 
A CNI is an OSI design implementation of an interface 
between a device on the bus and the CEBus network. 
BCC 10 includes a wireless CNI 14 and a wired CNI 16 
that are coupled together by a communications link 22 
(FIG. 3), that includes lines 22a and 22b shown in FIG. 
4 

In the exemplary embodiment, the CNI 14 includes a 
microprocessor 31, random access memory (RAM) 30 
for data, and read-only memory (ROM) 32 for program 
storage. The exemplary microprocessor 31 is the Intel 
8052 microcontroller. RAM 30 includes 2 kilobytes of 
memory and ROM 32 includes 32 kilobytes of memory. 
An additional non-volatile memory device, such as an 
electrically erasable programmable read only memory 
(EEPROM) 33 is provided. The ROM 32 stores the 
software that operates BCC 10. EEPROM 33 is used to 
store device commands and macros that may be 
uniquely de?ned for each installation, as explained in 
detail below. 
An address bus 36 and data bus 34 couple the micro 

processor 31 with its respective RAM 30, ROM 32 and 
EEPROM 33. Additionally, an optional Direct Mem 
ory Access (DMA) channel 37 or 38 may be provided 
to couple to the address bus 36 and data bus 34 respec 
tively for downloading software to BCC 10, as de 
scribed below. It is understood by one skilled in the art 
that the wired medium CNI 16 is arranged in the same 
con?guration, in which microprocessor 41, RAM 40, 
ROM 42, EEPROM 43, data bus 44 and address bus 46 
correspond to the microprocessor 31, RAM 30, ROM 
32, EEPROM 33, data bus 34 and address bus 36, re 
spectively, as shown in FIG. 4. 
Symbols on wireless medium 93, wired medium 80, 

line 20 (which couples transceiver 12 to microprocessor 
14) and line 24 (which couples transceiver 18 to micro 
processor 16) are encoded as driven or undriven state 
durations in multiples of l UST (100 microseconds). 
The time between transitions determines the symbol. A 
transceiver 12 converts the signal it receives to digital 
form. The digital transitions delineate the symbols 1, 0, 
EOF and EOP. An external interrupt pin (not shown) 
on the microprocessor 31 provides the input signal to 
the microprocessor. This input signal gates an internal 
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counter (discussed below with reference to FIGS. 5 and 
6) so that each transition causes a receive counter inter 
rupt and freezes a symbol duration count. The interrupt 
routine decodes the duration count to receive the sym 
bol. 
The clustering mechanism 28 between the devices 

50-60 and BCC 10 may include wired or wireless links 
or a combination of the two. In the exemplary embodi 
ment, all of the links 13a-13g are “wired” links from the 
output port of microcomputer 41 to a respective device 
or an LED that communicates with an IR input port on 
the device 50-60 via an IR signal. 
When a packet is received by either the wired or 

wireless network interface and is destined for the other 
of the wired and wireless interfaces, the packet is trans 
mitted between the network interfaces via the path 22. 
Communications path 22 is a serial asynchronous com 
munications channel that connects the serial ports 31a, 
31b, 41a and 41b of microprocessors 31 and 41. The 
exemplary protocol used on this channel is a digital 
RS-232 link without the handshaking lines. The link 
comprises two ports (transmit 31a and receive 31b ) on 
microprocessor 31, and two lines 22a and 22b coupled 
to the respective ports. One line 22a connects the trans 
mit port 31a of microprocessor 31 and the receive port 
41b of microprocessor 41. The other line 22b connects 
the transmit port 41a to receive port 31b. 
The serial ports 31a, 31b, 41a and 41b are driven by 

low priority serial port interrupts every 400 microsec 
onds. The serial port interrupt uses a normal interrupt of 
microprocessor 31. The ports are set to operate at a 25 
kilobit per second data rate. 400 microseconds are avail 
able per byte (Each eight bit byte has two framing bit 
s-—a start bit and a stop bit-for a total of 10 bits.) to 
take the data out of a holding register in RAM 30 and 
store the data. This allows sufficient time to store the 
data. Thus, the interface between microprocessors 31 
and 41 is implemented with no additional hardware. 
Whenever data are transferred between the wireless 

and wired media, the data are transmitted over the serial 
link 22. A serial receive interrupt occurs each time a full 
byte is received over the serial port. A serial port inter 
rupt receive routine sets a ?ag that is checked by the 
network layer 100 (shown in FIG. 9) when a valid 
packet is received from the other medium. The transmit 
process is “jump started”. “Jump starting” is a hard 
ware interrupt caused by embedded software for oper 
ating the serial transfer from one network interface to 
the other. When the serial transmit buffer (of the send 
ing network interface) is empty, all pointers are reset 
and the process is terminated. 

In the exemplary embodiment, common application 
language (CAL) encoded sequences are downloaded to 
microcomputer 31 for all of the device commands and 
macros (procedures) used by devices 5060. Respective 
translations of the CAL commands and macros into IR 
sequences are downloaded to BCC 10. The media ac 
cess control (MAC) addresses of the devices 50-60 and 
the address of BCC 10 itself are also downloaded to 
BCC 10. The command sequences and macros, the 
translations, and the MAC addresses are all stored in a 
non-volatile memory device such as EEPROM 33. 
When BCC 10 receives a CAL command from the 
CEBus LAN 80 or from the IR medium 93, BCC 10 
decodes the CAL command and translates the com 
mand to the previously loaded IR sequence in EE 
PROM 33 that is associated with that command. BCC 
10 sends the decoded IR command to the device that 














